Research conducted on silicon based photodetector technology has recently shown rapidly growing momentum to develop the robust silicon based detectors for photonic applications. The thrust is to manufacture low cost and high efficiency detectors with CMOS process compatibility. In this study, a new design and characterization of PIN photodiode is envisaged. The simulation tool, Silvaco TCAD (and its variants), was used to design and simulate the processes of the device. Electrical and optical measurements such as I-V characteristics (dark current), and internal/external quantum efficiencies were analysed to evaluate the designed and processed device structure for its potential applications in photonics and other detection mechanisms.
Introduction
Over the last five decades, photodiodes have been used for extensive range of applications including commercial use, and military purposes [1] . Photodetectors are can be reduced by strong reverse bias [5] . 
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photodiode shows poor performance in temperature variations [12] . Here, in this paper, we developed a simulation based PIN photodiode using the commercial software TCAD Silvaco i.e. Athena is employed for designing the structure of the photodiode and Atlas is used for the evaluation of electrical and optical characteristics of the proposed device.
Theory
Photodetection is one of the most emerging research fields in optoelectronics. Silicon photodiodes are low cost devices which have the ability to detect light in different ranges of wavelength. Silicon photodetector has unique features such as 90 % surface reflection, response time approaching to 30 ps and wavelength approaching to >850 nm [13] . The quantum efficiency of a photodetector is defined as the number of electron-hole pairs generated per incident photon and is given by:
where, "R" is the surface reflectivity, "α" is 
Detectivity is also used for comparing the performance of photodetectors, however, it is not suitable to find the response of a photodetector to an intensity spectrum [15] .
Noise spectrum of a photodiode depends upon the electrical frequency. It is used to find the magnitude of the noise if the electrical frequency of a photodetector is known. To find the noise power of the system, a term, power spectral density is used which is described as the noise content as a function of frequency. Mathematically it is expressed as: (4) where, PN is the noise power over a bandwidth range, S (f) is the power spectral density, and Δf is the bandwidth [5] .
Experiment Details
We employed Silvaco TCAD tool to design the PIN photodiode and investigated its electrical and optical characteristics. Silvaco is a simulator tool of TCAD process for device simulation and consists of Athena and Atlas [16] . Athena is used for the design of physical structure and Atlas is used for its electrical and optical characterizations [17] .
The dimension of the designed twodimensional device in this study is 2500×22
µm, having silicon with phosphorous 
Electrical and Optical Characterizations.
Atlas is the module of the Silvaco simulator which is used to obtain the electrical Relationship between the photocurrent and cathode current is shown in Fig. 7 , which reveals high detection capability of the photodiode, when light is incident on it. The graph clearly presents the capability to detect even at very narrow scales [24] . It is evident from the graph that when the photocurrent increases, the cathode current increases linearly. The variation in cathode current as a function of source photocurrent is depicted in Fig. 8 for the case when light is incident on the PIN photodiode. The photocurrent increases when the light is incident on the detector, which in turn increases the cathode current in a linear fashion [24] . These optical and electrical characterizations confirm standard device performance of the simulated device.
Conclusion
A rigorous design approach was maintained in this work to provide an industrial driven process recipe in order to effectively design 
